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.

The iolng Protection obtained from an internallyair-heated
propellerbladepartitionedto omfine the heatedair forwardof
25-permnt ohofiwas investigatedIn the HACAClevelandioing
researchtunnel. A prdhmtion-mdel hollowsteelpropellerwas
modifiedwith an internalradialpartitionat 25-peroentchordand
with shankand tip openingsto admitand exhaustthe heatedair.
Temperaturesweremeasuredon the blade surfaoesand in the heated-
air system duringtunnelioingconditions.Heat-exohemgereffec-
tivenessand photographsof ioe fommtions on the bladeswere
obtained.

$urfaoetemperaturemeasurementsI.ndioatedthat confiningthe
heatedair forwardof the 25-permnt ohordgave a more eoonomioal
distributionof the appliedheat as octmparedwith un~itimed and
50-peroentpetitionedblades,by dissipatinga greaterpercentage
of the availableheat at the leadingedge. At a propeller a-peed
of 850 rpmj a heat~ rate of 7000Btu per hour per bladeat a
shankair temperatureof 400°F provtdedadequateiuingproteotton
at ambimt-alr temperaturesof 230F but not at temperaturesas
low as 150 R’. With the heatingrate used,a heat-exohanger
effeotimnessof 77 percentwas obtainedas oomparedto 56 peroent
for 50-peroentpartitionedand 47 permnt for unpartitionedblades.

INTRODUCTI(IN

The internalpassageof heatedair throughpropellerblades
for protectionagainstio~ has been previouslyinvestigatedusing
unpartitionedbladesand bladesradia

?
partitionedat 50-peroent

ohord (referemes1 and 2, respeotiwdy . The 50-peroentpetitioned
bladeprovidedioingprotectionwith a heatingrate
than thatrequiredfor the unpartitionedblade;and
blade-surfaoetemperaturedistributionwas somewhat

.

one-t- less
the ohordwise
improvedalthough
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2 EACA TN NO. 1588

miduhoM surfaoetemperatureswere veryhigh,particularlyon the ti-
board seotiaus. Furtherheat ecammy seemedpossiblethroughthe use
& a more restrictedpassagein the blade.

The effeotimnessof the 25-peroentpartitionedblade as a heat
exchanger,the blade-~aoe temperaturesand theirdistribution,and
the ioingproteotim &Yomied the propelleras evidencedby photo-
graphs,were investigatedIn the NACA Clevelandicingrese=ch
tunnelend are

The ioing

reportedherein.

APPARATUSAm ~ION

resmh tunnelusedfor the propeller-ioingstudies
is a return-typetunnelin whluh ioingconditionswere simulatedby
means of water spraysad refrigeratedtunnelair. The propeller
instald.atim(fig.1) was plaoedin the diffusersectionof the
tunnelwhere a liquid-cooledenginemountedh an airplanefuselage
was used to drivethe propeller. A production-mdelfour-blade
propeller,10 feet, 2 tiohea h di-=~ ti~~ea for the ~te~

WW of heated air was used. The air-heatingsystemis sh~ in
figure2●

The inst rtmentatlon provided for measurementof tunneland
propeller operatingoonditlons,propellerheated-airtemperatures
and mass flow,and blade-surfaoetemperatures.Chordwisesurfaoe
tmperalmreswere obtainedon two of the fourbladesat the 40- and
70-peroentradialstatiausshownin figure3. Oompltiedetailsof
the propeller inetalktion together with instrumentation partimlars
are presentedin referenoe1.

Blade partitioning. - The partitionsusedwithinthe blades
were s~lar to thoseused in the 50-peroentpartiticmedblades
desoribedin referenoe2. The semirigidfiber-@ss paz%itim~
whiohwere Wtal.led as shownin figme 3, ~dma heatedair
faward of approximately25-peroentohord. Theywere anohmti d
seale&at the blade shankand held in positionmdially alongthe
bladeby meEUM of rivetsthroughthe bladewalls. Partitionsd
semicircularfmm were used to fit fimly againstthe bladewalls
in mder to preventair leakagebetweenthe heatedeuulunheated
portionsor the blade cavity. Each partitiontemlnated approxi-
mately6 inohesfl?anthe bladetip to allovthe heatedair to pass
to the rear of the bladeand esoapethroughthe tip orifice.

Propeller-bladeheatiqqsystem.- The systemusedfor supplying
heatedair to the propellerwas essentiallythe sameas that used
for the 50-peroentpxitioned bladesdesori’bedIn refereme 2. The
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heated alr enteredeachbladethrougha singleshankinletani was
dischargedthrougha tip orifice,whiohwas approximatelyone-thiml
the cross-seotio~l area of that used for unpartitionedblades.
(Seefig.4.) A significantquantityof air leakedfromthe mani-
foldto the tunnelpast the graphitesealsat the spinnerperiphery
and at the bladeshanksforwhioha correctionwas applhd aooording
to the calibrationgivenin reference1 for air leakage. Because
the designair flow for the 25-percentpartitionedbladeswas
re~tively low, it was impossibleto obtainthe desir~ heated-air
temperatureat the blade shanksutilizingthe equipmentoriginally
providedfor unpartitionedblades. Some increasein blade-shankair
temperaturewas obtained,however,by bypassingadditionalheatedair
throughthe stationary manifoldto compensatepartlyfor the heat loss
in the system. Propeller-bladeati flowwas then detemlned by sub-
tractingthe leakagepast the sealsand the air flowbypassedthrough
the manifoldfromthe totalati flow s~plied to the system.

CONDITIONS Am PRmmuRE

Tunnelconditions. - The propellerwas sti~eotedto ioingcon-
ditionsat tunnel-airtempemturesbetween-4° and 230 F. The
tunnel-airvelooityaveragedapproximately200 feetper second
measuredat 75-percentpropel-l=radius. Duringthe icingperimi,
the airspeedbecamelessbecauseof pressurelossesresultingfrom
tunnelIoe formations.Liquid-waterooncentmtionswere approxi-
mately0.1 gramper cubicmeterat 3° F and 0.8 gram per oubio
meterat 190 F. The dropletdiameterbasedon the volumemaximum
averagedapproximately55 micronsfor aU tunnelconditicms.This
valueis largerthanaveragedropletdiametersusuallyfoundin the
atmosphere.The ioingof prope~er blades,however,is not greatly
reduoedunlessrelativelysmalldropletdiametersare encountered,
becausethe collectioneffloiencyof smaU bcxiiesis approximately
100 percent. For the conditionsused,the heatingvaluesrequired
in this investigateionare consideredconservative.

Ran@ of Popeld.er variables.- The propellerwas operatedat
bladeanglesof 280 and 350, measuredat 75-percentradius,with
correspondingrotationalspeedsof 1050and 850 rpm at whichadvance
ratios of 1.1 and 1.4,respectively,were establishedto approxbmte
the advame ratioof peak efficiency.At 1050rpm, the heatedair
flowwas approximately92 poundsper hour per bladeand at 850 rpm,
77 poundsper hourper blade.

!CypicaJ.procedure. - Ikataware obtainedduring10-minute
periodsof simulatedicingconditions.Priorto each ioingpericd,
datawere recordedfor 2 minuteswith all operatingconditions

.
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4 lVACATM NO. 1588

stabilizedand heatedair fbwlng throughthe blades. Blade-s@ace
tempe~tureswere reotied at approximately1 minuteintervals
throughoutthe preioingand Idng period. Followingeaoh iolngoon-
dition,residualicingphotographswere obtained.

m9mfL’s AEDm.scusaoE

Blade HeatingSystem

More effeotiveutilizatim of the heat suppliedwas realizedby
use of the 25-percentptiitioned bladesthan by ettherthe unp@i-
tionedor 50-peroentpartitionedblades. A oqison of the blade
heat-exuhangereffeotlvenessfor the threetypesof bladeIs gives
in the followlngtable:

Un~itioned 32,500 450 47

50-percent 1.9,000 265 56
paitimed

25-peroent 6,600 92 77
partitioned

The valuesin the tableare all based m a shankair temperature
rise of 300°F abovetunuelambienttemperatureat a propeller
speedof 1050 I’pn. The valuesfm effectivmesswere obtainedfor

, bare bladesunderno-sprayconditions.Ptiitioning the bme at
25-percentohordinoreasedthe effectivenessto 77 peroentas
u~ to 56 percentfor the 50-peroentpartitionedblade (ref-
erezme2) und 47 peroentfor the unpartitionedblade (referenoe1).
The inoreasein effectivenessis -Seal by the conoentraticmof%he
heatedair at the leadingedge of the bladewhereheat-tiansfer
ooeffioientsare high (referenoe3). The seutionof the bladeaft
of the pa?titionacts as a largesinkfor heat dissipationthrough
the metalwallsto the rear of the blade.

The maximumheatingrate availablewith the air heat@ system
was considerablylessfw the 25-peroentpartitiauedbladesthan
for the bladesof the othertwo typesbecause& the greatly
reduoedair flow. This heatingAte was insufficiautto provide
adequateprotectionunderthe most severeioingconditions.

,
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Blade-Surfaoe

5

Temperatures

The blade-surface temperaturedistributimfor the 25~peroent
partitionedbladewas determinedfia the temperaturedata in the
seammanneras desoribedin referenoes1 and 2. The range of heating
ratesin this lnvesti@ion was llmited,and almostno ohange”h
surfaoetemperaturewas foundat a propellerspeedof 850 rpm when
the heatingratewas raisedfrcm 8500to 8500Btu per hour per blade.
A maxim& differemoein surfaoetemperaturesof 40 F was observedat
a propellerspeedof 1050rpm when the heatingratewas increased
from 8000to 10,000Btu per hour per blade.

The Ohcu’dwiseblade-surfacet~erat~e rise abo~ t~l
ambienttemperaturefor the threetypesof blade (25-permntp~i-
tionedj50-peroentpartitioned,and unpartitioned)is shownh fig-
ure 5 plotteda@inst distancefrom the leadlngedge on both the
camberend thrustfaoes,at the 40-peroentand 70-permnt zadial
statims. Theseresultsare for icingumditions at a propeller

, speedof 850 rpm with heatingratesof 8000,14,000,and
35,000Btu per hour per bladefor the threetypesof blade,
respectively.

The mmparison of the surfaoetemperaturerise for the three
bladetypesat 40-peroentradius (fig.5(a))showsthat the
25-peroentpartitioningwas mcme effeotiveIn raisingthe teruper-
aturesnear the leadingedgewith respeotto the ad~aoentohord-
wise surfaoetemperatures.The maximumtemperaturenear the
ledlmg edgewas greaterthan for the rest of the bladeexoeptfar
baok on the thrustface. Suoh a distributiaindicatesa dissipa-
tion of muoh of the heatnear the lead- edgewhere it is mod
neededfor ioe preventionratherthan m rearwardsurfaoeson whioh
heatingis not so essentialexoeptfor preventionof runbaukicing.
Iolngthatresultsfromwaterrunbaokwouldbe preventedby sucha
heat distributicmif sufficientheatwere supp~ed to preventidng
at the leadingedge.

A heatingrate of 8000Btu per hour per blade in a 25-peroent
partitionedbladeaffcmdedmore ice protectionto the leading-edge
regionand much of the oemberfaoe than did 14,000Btu In a
50-percentpartitionedblade. The unpartitionedbladewith
35,000Btu per hourhad surfacetemperaturesgenerallyhigherthan
eitherof the two partitionedblades,althoughthe peaknear the
leadingedgeIn the easeof the 25-percentpartiticnmdblade appeared
to exoeedthe temperaturelevelin the sameregionfor the unpm?ti-
tionedblade.

It oan be seenI%an figure5(b)that at 70-peroentradiusthe
surfacetemperaturesof the 25-percentpartitionedbladeare very
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littlelessthan thoseof
correspondingheat inputs
peraturesfall as much as
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the 50-percentpwtititionedbladeat the
previouslygiven;whereasthe surfaoetem-
~0 ~ bel~ those for an unpartitionedb~e

~th almostfour and one-halftimesthe heatingrate. The 2° F rise
for the 25-percent@ltioned bladeat the leadhg edgefailsto
aooountfor any appreciablepart of the kinetiorise thatwouldbe
erpeotedin thisregion.

The similarityof the ohordwisetemperaturesat the 70-percant
radius for the 25- and 50-peroent partitioned blades maY be attri-
buted to the large dissipation of heat rearwml of the partition in
the ease of the 50-peroentpartiticmedblade. So muoh heat was
dissipatedat the inboardseotionsthat the amountof heat available
at 70-percentradiusfor both the 25- and 50-percentPar+.ttioned
bladeswas apparentlyalmostequal.

The conductionof heat throughthe blademetalradiallyfrcm
the hnb as well as chordwlsefrwI the air-heatedf~ portionis
well.ill-ted in the ease of the 25-percentpartitionedblades
where significanttemperaturerisesabovetunnelambienttemperature
were observedon the blade surfacesconsiderablyaft of the partitim.

It has been pointedout that the tempa?aturerisesat 70-permnt
radiususing50- and 25-percentpartitionedbladesare similarfor
heatingratesof 14,000and 8000Btu per hour per blade,respectively.
(Seefig. 5(b).) Beoauseicingoverthis regionwouldbe detr-tal
to the aerfiynemicperformanoe of the propeller,and beoause
14,000Btu per hour per bladewas consideredinadequatefor protec-
tion of the 50-percentpewtiticmedbladeat 850 V, it is concluded
that a heatingrate of 8000Btu per hour per blade is‘insufficient
to afYordicingprotectionfor a 25-perc6ntpartitionedbladeat
850 rpn undersevereicingconditions.

Flow Ckmditions overBladeSurfaces

The inflectionsshownin the ourvesof figure5 were oausedby
ohangesin the flow overthe blades. Near the leadingedge the flow
chemgedrapidly,accountingfor the peakson the 25- and 50-percent
partitionedbladesat 40-peroentradius (fig.5(a)). The ~leotions
fartheraft on the thrustand oamberfacesare causedby transition
from leminarto turbulentflow.

The inflectionsof the curvesindicatetr=sition pointson
both faoesat the 40-percentradiusfor the 25- and 50-percent
partitionedblades;whereasthe furtheradditionof heat in the ease
of the un~itioned blade stabilizedthe boudary layerto suoh=
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extentthat laminarflow
(Seefig. 5(a).) At the

7

probablyexistedoverthe entireblade.
70-peroentradius (fig.5(b)).the transi-

tionpointsare more prmounced, especially‘in-the‘&s& of the
50-perOt3nt partitionedblade,- Wpe ~~ed ~ch closerto the
leadingedge,as in the case of the 25-percentpartiticmedblade
becauseof the increasein the Reynold’snuniberof tb boundary

IcingObservations

Photographsof residualice formationsafter a 10-minuteicina
period at a propeller speed of 850 rpm are shownin figure6. A -
comparisonof the de-ioingeffectivenessof the 25-peroentparti-
tionedbladesis presentedfor two tunnelambient-airtemperatures
with rates of heat input averaging 7000 Btu per hour per blade in
eaoh case. These results indicate adequate blade heating at 23° F
(fig. 6(a) ), k insufficient protection at 15° F (fig. 6(b)). I?o
icing observatimswere obtainedat 23° F and a propellerspeedof
1050 rpm.

A comparisonof the photographsof residualicingon 25- and
50-peroentpartitimed blades (figs.6(b)and 6(c))with heating
ratesof .7000and 14,000Btu per hour per blade,respectively,
indicatesthat surfacetemperaturesat 40-percentradiusnear the
leadingedgewere in each casenear 32° F, althoughonly one-half
the rate of heatingwas used for the 25-permnt partitionedblades
The approximateequalityof surfaoetemperaturesat the leading
edge is also shownon the surface-temperature-distributioncurves
(fig.5(a)). With the higherheatingrate,the 50-percentparti-
ticmedblade causedexoessivesurfaceheatingtit of the lead~
edge.

The blade-s~ace temperaturesnear the lead- edge at
70-percentradiusalso appear’tobe marginalwith respectto the
freezinglevel,as indicatedby the reformationice layersnear
70-percentradiusshownin figure6(b). Althoughthe leadingedge
was marginallyprotectedfor these conditions,the fkt chordwise
temperaturedistributionccmtributedto a greaterchordwiseextent
of io3ngwith 25-permnt partitionedbladesthanwith the other
configurationswhen leading-edgetemperaturesh each casefell
beluw320 F. .

Lack of heat on the rear part of the 25-percentpartitioned
bladeallowedrunbackicingoverthe thrustface on the outboard
sectionsat 15° F ambienttemperature.If sufficientheatwere

——— ..— — —
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s~plied, however,
obtainablein this
leading-edgearea,

NACA TN NO. 1588

by usingshankair temperatureshigherthan those
investi@ion, to maintaina satisfactoryIoe-l&ee
the surfacetempemture distributionwould indioate

probableproteoti& fbomrunbacki;lng.

SUMMARYOF RIHJLXS

From an investigationoonductedin the EACA Clevelandioing
reseamh tunnelusingi.nternaUyair-heatedpropellerbladesparti-
tionedto oonfinethe air forwardof 25-percent‘chord,the folJ.owing
resultswere obtained:

1. A heatingrate of 7000Btu per hour per blade at a shankal-r
temperatureof 4000F providedeuffioienticingprotectionfor a
propellerspeedof 850 rpm at an indioatedtunnel-ax temperature
of 23° F but was insufficientto preventicingat 15° F.

2. SurfacetemperaturesIndioatedsatisfactorychordwieedis-
tributionof the appliedheat so that if sufficientheatwere
providedfor icingprotectionat the leadingedge,the rearward
surfaceswouldbe protectedwithotiexcessivesurfaueheating.

3. R@at-exchmgereffactivenesswas tioreasedto 77 percent
fromavemge valuesof 56 percentfor the 50-percentpartitioned.
bladesand 47 peroentfor unpartitionedblades.

CONCLUSIONS

The high heat-exohangereffectiivene~sassociatedwith.the
25-percentPartitionedbladesand the lowerheat-inputrate required
as oomparedto the unpartitionedand 50-percentpartition blades
biioate that partitioningthe oavityat approximately25-percent
ohordproviclesthe most economicalmethodof thoseexaminedfor air-
heatingpropellerblades. If heatwere suppliedto the bladeat a
euffiuientrate to maintainsatisfactoryleading-edgetemperatures
and surfacetemperaturesnear the re= of the bladewere not raisea
adequatelyto preventrtmbaokioingunderall conditions,part of
the heatedair ootildbe bled to the rear chamberthroughorifices
ti the partitionwithoutdestroyingthe conoenkt ion of heat at
the leadingedge.

FlightPropulsionResearchLaboratory,
NationalAavisoryComittee forAeronatiios,

Cleveland,Ohio,January19, 1948.
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Figure 4.- Shank inletand tip orifioefor 25-percentpartitioned
ai~heated propellerblades.
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